In the near future, the inactivated enterovirus 71 (EV71) vaccine is expected to become available on the market in China. Since EV71 is a major cause of hand, foot and mouth disease (HFMD), the vaccine is expected to significantly reduce the number of cases, as well as the detrimental economic effect of the disease. However, for a national vaccination strategy to be developed, policy-makers need more information on the socioeconomic burden of EV71 HFMD infection. Based on the 2011 population data, we estimated the clinical and economic effect of EV71 HFMD infection in children aged 0-9 years in Shanghai, China. The annual cost related to HFMD is >US$7.66 million for a population of 1·42 million children aged 0-9 years with an average cost of US$208.2/case. The extrapolated cost for EV71 HFMD infection was US$3.53 million, comprising 46·1% of the overall cost associated with HFMD. Around 97% of all of the HFMD-related expenses were paid for by the families creating a considerable economic burden. Our findings could provide the necessary recommendations on the most effective national EV71 vaccine implementation, as well as a baseline data for assessing the cost-effectiveness of the vaccine in China.
INTRODUCTION
Hand, foot and mouth disease (HFMD) is a common, highly contagious disease found mostly in children. HFMD is caused by enteroviruses belonging to the species Enterovirus A and in rare cases to Enterovirus B [1] . Both species are known to cause herpangina, a disease similar to HFMD, but with no skin lesions and limited to the posterior oral cavity. HFMD outbreaks occur worldwide and are often associated with coxsackievirus A16 and enterovirus 71 (EV71) [2] . Since the late 1990s, the most prevalent cause of large HFMD outbreaks in the Asia-Pacific region has been EV71. Some of the children experienced severe illness coupled with neurological and cardiopulmonary complications and in some cases death [3] . Since 2008, national outbreaks of EV71 HFMD have occurred throughout mainland China. As of 31 December 2014, more than 11·8 million cases of HFMD have been reported to the National Surveillance System in mainland China; which included a total of 3227 fatal cases [4] . HFMD has been ranked a top disease among nationally notifiable diseases since 2009. Shanghai has the highest gross domestic product and the largest population in China. The HFMD incidence rate in Shanghai was estimated at 1·6 cases/1000 in 2011, higher than the national level (1·2 cases/1000) [5, 6] .
An inactivated EV71 vaccine with an efficacy of 90·0% against EV71-associated HFMD has been successfully developed in China and is expected to become available in the near future [7] . Currently, there is not enough information available regarding the socioeconomic burden of HFMD for policymakers to develop a nationwide strategy to vaccinate children in China. Therefore, we conducted a prospective study to evaluate the socioeconomic burden of HFMD on children and their families in Shanghai, China.
METHODS

Study setting and subjects of economic burden
A prospective study on the HFMD-associated economic burden was performed using the data collected from 15 June 2011 to 20 October 2011 by the Children's Hospital of Fudan University, Shanghai, China. Of all of the reported HFMD cases in Shanghai during the period, 30% of outpatients, 90% of inpatients and 95% of severe HFMD cases were treated at the hospital. Since 98% of HFMD cases and all severe cases occurred in children aged 0-9 years, only this age group was included in the study. The initial plan was to enrol 100 outpatients, 100 uncomplicated inpatients and 100 severe inpatients with confirmed central nervous system involvement. The study enrolment of HFMD cases was performed on Tuesdays and Thursdays every week. From 15 June 2011 to 20 August 2011, 5-6 outpatients and uncomplicated inpatients were enrolled per day. From 15 June 2011 to 20 October 2011, 2-3 severe cases were enrolled per day. The enrolled patients encompassed 11 of 18 districts of Shanghai. The survey on economic burden was part of the 2011 routine HFMD surveillance programme; therefore, this survey was exempt from ethical approval after the Ethics Committee of Children's Hospital of Fudan University reviewed this study.
Data collection
A written informed consent from the eligible child's parents was first obtained, followed by a questionnaire interview conducted by trained investigators. A structured questionnaire included questions on demographic data, clinical symptoms, course of illness, health-seeking behaviour, and information on medical and non-medical costs associated with HFMD infection. The face-to-face questionnaire interview was performed with the families at the first clinic visit or within 2 days after hospitalization. The families were given a form, 'List of expenditures related to HFMD' to complete. The goal of the form was to document all HFMD-related medical expenses and non-medical costs after enrolment. The families were provided with the pathogen test results 7 days after the onset of the disease followed by a survey related to the subsequent course of illness. The survey also included questions regarding HFMD expenditures included in the 'List of expenditures'. The same survey was conducted again by telephone 30 days after the onset of the disease. The medical cost of each enrolled inpatient was obtained using the Hospital Information System.
Data analysis and assessment of economic costs
The total HFMD-related cost was calculated by summing the medical cost (direct) and non-medical cost (indirect) [1] . Direct cost included hospital resource utilization and services such as professional consultation, medications, laboratory and imaging tests, medical procedures, bed usage and other material costs used during the hospital stay and clinical visits [2] . Indirect cost included family out-of-pocket costs for transportation to doctor, over-the-counter medications for sick children, additional food and lodging expenses for children and caregivers during hospital visits, expense for babysitting and housekeeping, and loss of work hours and earnings due the child's illness. The lost earnings were calculated based on work days lost multiplied by the 2011 average wage per day for local labourers in Shanghai (US$22.3) [3] .
The overall HFMD economic cost was calculated by multiplying mean cost per case by the number of patients in the specific group and summing all three costs. Our cost database included a total of 36 762 HFMD children aged <10 years reported to the Shanghai Municipal CDC in 2011. Of these, 35 208 (95·7%) were HFMD outpatients, 1250 (3·4%) HFMD inpatients without complications, and the rest (354 cases, 0·09%) were severe HFMD inpatients with complications [5] . The average cost per HFMD case was calculated by dividing 36 762 cases by the total HFMD cost. The total cost was projected onto a population of 1 426 078 children aged 0-9 years in Shanghai.
The EV71 HFMD economic cost was based on the number of cases (the detection rate of EV71 multiplied by the total number of all three HFMD patient groups) multiplied by the average cost per HFMD case in the three patient groups. Variable data were presented as the means and ranges. All costs were converted from 2011 Chinese Yuan to 2011 US dollars using the official 2011 exchange rate on December 2011 (1 US$ = 6·4588 CYN).
Statistical analysis
Data were double-entered using EpiData v. 3.1 (EpiData Association, Denmark). The groups were compared using SPSS statistical software v. 11.5 (SPSS Inc., USA). The continuous variables were presented as mean values with ranges, and the categorical variables were presented as absolute numbers and percentages. The two-sided Student's t test was used to analyse continuous data with a normal distribution. Otherwise, Wilcoxon's two-sided rank-sum test was implemented. To analyse the categorical data we used either contingency tables and the χ 2 or Fisher's test, as appropriate.
RESULTS
Characteristics of study subjects
At enrolment, a total of 300 children were included in the study. The final number of 30-day questionnaire surveys collected after the follow-up was 269 (89·7%) representing 96 outpatients, 85 inpatients, and 88 severe inpatients. The remaining 31 (10·3%) surveys were excluded from this study because of parents' refusal to provide all the relevant information or loss of follow-up. The male:female ratio in our study was 1·6:1. The median age was 2·8 years (range 0·5-9·0 years). The ratio of migrant cases to local cases was 2·1:1. A total of 163 (60·6%) patients had government medical insurance coverage. No fatal case occurred during the study period. Enterovirus typing using a commercial real-time RT-PCR kit (Da An Gene Co. Ltd, China) showed 160 (59·5%) cases positive for EV71, 30 (11·2%) for coxsackievirus A16, and 79 (29·4%) either positive for other enteroviruses or negative. EV71 accounted for 38·5% of outpatients, 48·2% of uncomplicated inpatients, and 93·2% of severe inpatient cases.
Social impact of HFMD on children and their parents
The social impact of HFMD on children and their parents was determined using information on the frequency of hospital visits, inpatient hospitalization days, and loss of work days within a 1-month period from the initial onset of HFMD ( Table 1 ). The child was considered cured if all HFMD-associated symptoms were resolved. There was no difference in the impact of frequency of hospital visits between HFMD outpatients and uncomplicated inpatients (1·8 vs. 2·3, P = 0·21), and severe inpatients (1·8 vs. 2·4, P = 0·89). The hospitalization duration was significantly shorter in uncomplicated HFMD inpatients than in severe cases (2·8 days vs. 4·6 days, P < 0·05). The mean number of lost work days for parents of children with severe HFMD was significantly longer than that of parents of uncomplicated inpatients (15·5 days vs. 6·5 days, P < 0·05) and of outpatients (15·5 vs. 2·6, P < 0·05). The parents of children with uncomplicated HFMD lost significantly more work days than the parents of outpatients (6·5 days vs. 2·6 days, P < 0·05).
Average direct and indirect costs per case
The mean direct cost per case for outpatients, ordinary uncomplicated inpatients, and severe inpatients was US$56.7, US$550.3 and US$1524·6, respectively (P < 0·001). The mean indirect cost per case for outpatients, ordinary uncomplicated inpatients, and severe inpatients was US$108.6, US$309.5 and US$645.0, respectively (P < 0·001). Around 50% of the indirect cost was incurred by parents missing work. Taking the direct and indirect costs into consideration, the mean total cost of HFMD per case for outpatients, ordinary uncomplicated inpatients, and severe inpatients was US$165.3, US$859.8 and US$2169·6, respectively. The indirect costs presented 65·7%, 36·0% and 29·7% of the total cost in outpatients, uncomplicated inpatients, and severe inpatients, respectively.
The total economic cost attributed to HFMD and EV71 HFMD For 2011, we determined the average total cost per case for all reported HFMD cases aged 0-9 years.
The corresponding total annual cost was US $5819882·4 for 35 208 outpatients, US$1074750 for 1250 uncomplicated inpatients, and US$768038·4 for 354 severe inpatients. The finalized estimation of the total economic cost was US$7662670·8 for 36 812 HFMD cases. The average cost per HFMD case was US$208.2. The cost for HFMD outpatients and inpatients accounted for 76·0% and 24·0% of the total economic cost, respectively.
A total of 163 (163/269, 60·6%) patients had medical insurance. Of the 163 children, 58 (60·4%) outpatients, 57 (67·1%) uncomplicated inpatients, and 48 (54·5%) severe inpatients had at least one type of medical insurance coverage. The types of insurance available were urban medical insurance (73/163, 44·8%), the new rural cooperative medical insurance (59/163, 36·2%), and commercial insurance or other type (31/ 163, 19·0%). However, the average proportion of health insurance coverage accounted for 1·6%, 8·2% and 5·5% of the total cost in all three patient groups. The total cost paid for by the family was US $5724820·8 for 35 208 outpatients, US$986875 for 1250 uncomplicated inpatients, and US$725841·6 for 354 severe inpatients. Overall, the total cost paid for by the family was US$7437537·4, accounting for 97·1% of the total cost of HFMD.
EV71 HFMD was confirmed in 39·75% of mild cases, in 47·36% of uncomplicated inpatients, and in 92·09% of inpatients with severe complications [5] . Using these numbers in combination with the total annual cost of HFMD, we were able to estimate a total annual cost of US$2313403·2 (US$5819882·4 × 39·75%) for outpatients, US$509001·6 (US$1074750 × 47·36%) for uncomplicated inpatients, and US$707286·6 (US $768038·4 × 92·09%) for severe inpatients. The final estimation of the total economic cost attributed to EV71 HFMD was US$3529691·4 for children aged <10 years, comprising 46·1% of the overall HFMD cost. The EV71 HFMD associated cost represented 65·5% and 34·5% of the total economic cost in outpatients and inpatients, respectively.
DISCUSSION
The need for an effective anti-EV71 vaccine for prevention and control of the EV71 HFMD outbreaks is urgent in China. Inactivated EV71 vaccines with high efficacy and safety have been shown to reduce the prevalence of EV71 HFMD during the two large-scale phase 3 clinical trials conducted in China. EV71 vaccine is expected to become part of the routine child immunization schedule soon [7, 8] . Several factors should be considered before the introduction of a new vaccine on a national scale. These include the burden of disease, the economic impact of the disease and potential cost savings of vaccine implementation, vaccine price and affordability, the costeffectiveness of the strategies, and other factors [9] .
The results of this study demonstrated a significant economic burden arising from HFMD for both children and their families. Based on the 2011 HFMD epidemiological data, the extrapolated annual costs incurred by HFMD in children aged <10 years were estimated to be >US $7.66 million. Of particular note, >97% of the costs incurred due to HFMD were out-of-pocket family expenditures. If a novel anti-HFMD vaccine is to be introduced into the national immunization programme, without financial assistance from the government, then the vaccine pricing should take into account the burden of out-of-pocket costs. Based on the prevalence of EV71 infection and the number of HFMD cases in all patient groups, the extrapolated costs of EV71 HFMD in children aged <10 years in Shanghai reached US$3.53 million, accounting for 46·1% of the overall cost associated with HFMD.
The study did not take into account the costs incurred by public health intervention and surveillance when estimating the total cost. According to previous studies conducted in Taiwan, symptomatic EV71 infection can manifest as HFMD (70%), herpangina (10%) or other febrile diseases (20%) [10] . Currently, herpangina is not listed as a notifiable disease in Shanghai. We have observed that the annual activity of herpangina is parallel with HFMD in children in Shanghai. In Shanghai, kindergarten children with herpangina have to stay at home in isolation until the illness is resolved. Therefore, the actual EV71 herpangina economic burden is beyond our estimation. Future massive immunization against EV71 HFMD in a 200 000 birth cohort (in 2014) in Shanghai children will be a cost-saving endeavour if the cost of vaccine is <US$15 and the effectiveness of the vaccine is 90% after two doses.
The results showed that the average HFMD cost per child aged <10 years was US$208.2. The average costs for HFMD outpatients amounted to 24·4%, 126·8% and 305·2% of the average monthly income for each patient group based on the monthly income of a local labourer in Shanghai. Insurance covered only 1·6%, 8·2% and 5·5% of the total cost for outpatients, uncomplicated inpatients, and severe inpatients, respectively. Compared to childhood influenza and rotavirus diarrhoea, the average cost of HFMD was significantly higher than that of seasonal influenza in Shanghai in 2011-2012 (US$154.8) [11] . The HFMD costs per outpatient case and per inpatient case were significantly greater than those of rotavirus diarrhoea in eastern China in 2006-2007 (US$61.84 for outpatients and US$684.2 for inpatients) [12] . The current price for a single dose of rotavirus vaccine is around US$24, and the coverage rate for a single dose of rotavirus vaccine was around 41% in children aged 42 years in Shanghai in 2014. Thus, it is possible to price EV71 vaccine at the similar level as that of a rotavirus vaccine.
In addition to the substantial economic burden caused by HFMD, this disease also resulted in significant societal impact on the children and their parents. Parents lost an average of 2·6, 6·5 and 15·5 work days for taking care of outpatients, uncomplicated inpatients, and severe inpatients, respectively. However, the actual number of lost work days and lost earnings may be an underestimat since we did not consider parents whose children although healthy, could not go to either childcare centre or school due to their closure as way of preventing the disease. Based on the active surveillance of the Shanghai Municipal CDC, 1190 clusters or outbreaks of HFMD were detected in kindergartens or schools in 2011 [5] . As a result, 1357 schools and 70 kindergarten centres were closed for 2 weeks in accordance with the National Public Health intervention policies for HFMD prevention and control. Usually, each kindergarten class has about 20 children, and each kindergarten centre has about 200 children. Thus, the number of families affected by the HFMD outbreaks in the kindergartens is estimated to be 41 140 (1357 × 20 + 70 × 200 = 41140). Nevertheless, it is hard to estimate the number of days 'bystander' parents have to take off since the majority of preschool-age children are cared for by grandparents, and only a small number of professional parents have to look after their children themselves.
In this study, a very small portion of costs was reimbursed by health insurance. In China, the medical costs incurred during an outpatient visit are usually not covered by the medical insurance; the native Shanghainese children had government insurance covering 50% of the outpatient visit medical fees. Moreover, some medication prescribed by doctors cannot be covered by insurance; thus, parents have to pay these expenses themselves. For inpatient children, a portion of medical costs incurred by IVIG use, special medications, hospital food and bed usage by the caregivers in the wards are not covered by insurance. The provincial medical insurance usually covers the medical cost accrued in the local household registration province. If a migrant child seeks medical care in Shanghai, the local medical insurance does not cover the medical cost or will only cover few expenses. Thus, migrant children in Shanghai should be the primary target population to receive the EV71 vaccine to reduce the economic burden of HFMD on their families.
Our study has several limitations. First, the study analysed data from only 1 year. Considering that the disease prevalence varies with each year, the burden associated with EV71 HFMD may vary as well. Thus, continuous surveillance studies over longer periods of time are needed to evaluate the effect of the disease on the economic burden. Second, the followup surveys were self-reported and may be subject to recall bias regarding costs. Finally, our hospital is located in an economically developed city in eastern China. Therefore, our results most likely cannot be projected to less developed areas of the country.
Despite the study's limitations, we strongly believe that our findings could not only provide a baseline for assessing the cost-effectiveness of the upcoming EV71 vaccine in China, but help policy-makers formulate the EV71 vaccination strategy and set an appropriate price.
